> 
= 
Ke, 
5 
= 
= 
0 
= 
O 
a 
۵ 


UIZ 


gs {2021 = 1۱ 


کے =— 


Dru 


۲ 

aá 
l S 
ی‎ 


© 


ıne 
Rev 


ww j 
_ 


Mar 








Why Drug Discovery Scientists were increasingly turning to marine natural products in 
1970th? 


- Disease resistance to antibiotics, to anti-viral, to anti-inflammatory and to anticancer 


drugs continued to grow at an alarming rate. 
- Appearance of new diseases. 
- Oceans and Seas represent more than 70% of the earth’s surface 
-Marine environment characterized by new, exciting, and useful chemistry as a new source in 
the search for biologically and pharmacologically active compounds. 
Why marine natural products science is considered a modern science? 


- Before early 1970, there was no SCUBA Diving 


- SCUBA coupled with submarine vehicles, allowed relatively easy accessibility of 

collection of both shallow d deep- water marine organisms to carry out screening for 

drug discovery. 
Why Divers can't so deeper than 100 feet in ocean's water? 
They will suffer from Azotemia "a medical condition characterized by abnormally high levels 
of nitrogenous substances (Nitrogen = Azote) in the blood (emia = blood)". Divers will suffer from 
narcotism, embolism and death. 


Why marine natural products branches are important for us as drug discovery scientists? 


Understanding the main ideas of each marine natural products branch, can make us inspire 


and discover new drugs from each branch e.g. 


A. Marine toxins: Toxic compounds isolated due to food poisoning e.g. Tetrodotoxin, a 
strong sodium channel blocker converted to a pain killer drug {Halneuron}. Halneuron is 3000 


times more potent than morphine. 


B. Marine Pharmaceuticals: Bioactive compounds isolated for drug discovery e.g. Halichondrin 
B as anti- mitotic in breast cancer isolated from Halichondria sponge. Structure of 
Halichondrin B was structurally modified {Structurally trimmed to decrease side effects and 


toxicity giving Eribulin - Halaven™®. 


C. Marine Chemical Ecology: Interaction of marine creatures with each other e.g. Cone snail 
œ-conotoxin and paralysis of fish {Blocking Ca’ channels of the neurons in the spinal 


cord lead us to discover Halneuron which is strong pain killing activity in chronic pain}. 





D. Marine Biotechnology: Isolation and transferring biosynthetic gene clusters responsible for 


biosynthesis of certain bioactive compounds to yeast, E. Coli or to plant cells {transgenic 
cells} to produce large quantities of the active constituents in-vitro e.g. transfer of gene cluster 
from diatoms producing omega-3 fatty acids with 7 un-saturations to E- coll. 

Marine natural products scientists must have a simple idea about Classification 
{taxonomy} of marine creatures? 

As during marine samples collection, each class of marine organisms contains certain chemical 
groups of bioactive constituents with specific pharmacological activities e.g. Blue green 
algae {Cyanobacteria} contain polypeptides, bioactive groups showing promising cytotoxic activity 


against cancer cells. Scientists will avoid samples known to contain non interesting compounds. 


How can you carry out collection of marine samples? 
- Samples of marine organisms near shores collected by {Hand=intertidal or snorkeling}. 
- Samples of marine organisms up to 100 feet can be collected by SCUBA diving. 


- Samples of marine organisms more than 100 feet can be collected by submarines. 


Why organic solvents {Not polar solvents} are basically used for extraction of marine 
organisms to isolate their bioactive compounds? 

Marine creatures are keeping their pharmacologically active 2% metabolites inside their bodies 
to defend themselves from enemies. They are not secreting their bioactive constituents 
continuously outside to water. These 27 metabolic compounds are lipophilic {hydrophobic} 
compounds. In extraction step, sample homogenized then extracted with the suitable organic 
solvent e.g. ethanol, methanol, CH2Cl2, acetone and acetonitrile to dissolve the pharmacologically 
active organic compounds. If we use water for extraction, it will not dissolve these bioactive 


compounds. 


Brine shrimp toxicity or ichtvotoxicity {Snail killings activity} or even fish toxicity are 
important steps in isolation of bicactive marine drugs? 


If the extract or the fraction is toxic to {Brine shrimp - snails - Gold fish}, then extract 
must contain strong pharmacologically active compound{s} that is/are toxic to Brine shrimps 
in large dose. But when used in diluted concentration, it can treat certain disorders e.g. Sodium 
channel blockers in large dose can cause respiratory paralysis and death of Brine shrimp and 
snails, but in small doses can be used as local anesthetic or pain killer in chronic inflammation 


{e.g. Tetrodotoxin}. 


Marine Drugs 





BLicassay-suided fractionation as a useful technique in science of marine drugs discovery. 
discuss? 


It involves testing the crude extract or preliminary fractions from chromatography in an assay or 
multiple assays {Cytotoxic, COX I and COX II inhibitory activity}, determining what fractions 
or crude extracts show activity in the specific assays. Further fractionation of the active 
fractions or extracts is carried out and repeated where the new fractions are tested and the 
active fractions are further fractionated. This continues until the fraction only contains one pure 
compound {Bioactive compound}. We have to carry out structural elucidation and total chemical 


synthesis of the compound for clinical trials and drug approval. 


how can you prove the structure of the bioactive marine natural products? 


- Elemental analysis: Gives an idea about the percentage elements in the compound e.g. % C, % 
O,% N, % H. Also gives us the molecular formula of the compound. 

- Ultraviolet spectroscopy (UV): gives an idea about the presence or absence of the 
conjugated unsaturated systems {double bonds}. 

- Infrared (IR) spectroscopy: gives an idea about the nucleus of the compound {fingerprint region}. 
Also gives an idea about functional groups e.g. OH, CH aromatic, C=O groups 

- MS spectroscopy: Gives the molecular weight of the compound 

- NMR spectroscopy: 

‘HNMR gives us an idea about number and nature of the protons in the compound e.g. 
Carboxylic, aldehydic, aromatic and aliphatic. 

'SCNMR gives us an idea about number and nature of the carbons in the compound e.g. carbonyl, 
Aromatic, aliphatic 

- X-ray crystallography: Can identify the compound and its stereochemistry if the compound 


is available in crystalline form. 


Why many of the bioactive compounds fail to be medicine in clinical trials? 

unresolved problems in instability, insufficient supplying source, high toxicity and 
difficulty in total synthesis or semi-synthesis {Complexity}. To be approved as a medicine, a 
compound can take about 30 - 40 year from its discovery to be in the market. A medicine can 


cost up to 1 billion dollars. 





Marine ۹ 
Tetrodotoxin (TEX) 
Nature: Polyether + guanidine {Alkaloid like} 


Source: Puffer fish, octopuses and sea stars {True producer of tetrodotoxin is a gram -ve 
organism Pseudoalteromonas, a micro-organism living on all of these creatures} 


Mechanism: Strong sodium channel blocker {Nerve stabilizer} 


Medical uses: Strong pain killer drug in cancer {Halneuron™} in very low concentration. It is 0 
times more active pain killer than morphine 


17 0۱611 B 
Nature: Polycyclic Polyether 
Source: Shellfish 
Mechanism: Exaggerate sodium influx {Voltage-gated sodium channel} 
Suggested Medical use: Lead drug in Syndrome of Improper Anti-Diuretic Hormone Secretion 


{SIADH}. Cardiotonic {positive ionotropic activity}. 


Ciguatoxin 
Nature: Polycyclic Polyether 
Source: Moray eel 
Mechanism: Exaggerate sodium influx {Voltage-gated sodium channel} 
Suggested Medical use: Lead drug in Syndrome of Improper Anti-Diuretic Hormone Secretion 
{SIADH}. Cardiotonic {positive ionotropic activity}. 
Maitotexin 
Nature: Polycyclic Polyether 
Source: Maito Fish 
Mechanism: Exaggerates calcium influx {Voltage-gated calcium channel} 


Medical uses: In small dose it can be used as a lead drug to treatment hypotension 
{Vasoconstrictor} 


Palytoxin 
Nature: Polycyclic Polyether nitrogenous compound 


Source: Palythoa toxicus 


Mechanism: Acts by inhibition of Na’ /K ATPase {increases sodium influx through sodium 
pump} also increasing Ca” influx inside cells leading to muscle contraction {Cardiotonic activity} 
Medical uses: Cardiotonic - Alternative to digoxin {Digitalis} 

It was used in treating syndrome of Improper Anti-Diuretic Hormone Secretion {SIADH}, but 


now it is stopped due to it is strong toxicity {cardiotonic activity by increasing Ca™ influx}. 





Jellyfish Toxins 


Nature: Polypeptides {main one is a 47 amino acids polypeptide} 

Source: Jellyfish 

Mechanism: Act by increasing K” influx in nerves and cells 

Medical uses: Lead drugs {pharmacophore} for treatment of cardiac arrhythmia by drug 

targeting tecnology. Potassium is very important in regulating heart beats in arrhythmia 

Marine Pharmaceuticals are a wide range of chemical diversity? 

Marine pharmaceuticals have different structural classes: Linear Peptides {Dolastatin 10}, Cyclic 

Peptides {a-Conotoxin}, Cyclic depsipeptides {Aplidin}, Nucleosides {Ara C and Ara A}, Polyether 

or Polyketides {Halichondrin B}, Isoquinoline alkaloids {Trabectedin}, PUFAs {Omega 3 

fatty acids esters} and terpenoids {Pseudoterosine A}. 

Why peptides are considered as the drugs of future? 

They have highly specific mode of actions, they are needed in lower doses, they have 

reduced risk of toxicity, they have diverse biological activities e.g. anti-inflammatory activity, 

anti HIV activity, antibiotic activity, and anti-cancer activity. 

What is meant by Ribosomal Polypeptides { 111 } ? 

Ribosomal Polypeptides are biosynthesized by the routine transcription route {DNA contains 

gene cluster responsible for biosynthesis of peptides - DNA gives mRNA by translation. By 

translation mRNA gives polypeptides. 

What is meant by Non Ribosomal Polypeptides ۳ ۴ 

No gene cluster responsible for the biosynthesis of this type of Polypeptides was isolated. 

It is said that: NRPP are biosynthesized by a non-routine route {Non ribosomal polypeptide 

synthases}. 

Precautions Applied Durins Extraction, Purifications, Isolation and Use of Polypeptides 

Q Extraction must be carried out as soon as possible or from alcohol preserved organisms to 
inhibit enzyme activity and to prevent hydrolysis of polypeptides. 

Û During purification and isolation, avoid using high PH, low PH and high temperature {higher 
than 30 °C! as it polypeptides will be damaged {de-naturated}. 

Medical Polypeptides {Ziconotide} must be preserved in a lyophilized condition at low‏ لا 
temperature in a refrigerator and constituted in their solution for injection directly before use‏ 
to avoid hydrolysis.‏ 

Û Peptides with therapeutic value can’t be administered orally nor by I.M injection as 
Plasma membrane restricts their movement across intestinal epithelial cells and also they are 


degraded by protease enzyme. Depsipeptides 





What is meant by Depsipeptides? 


Chain of amino acids {linked by amide groups} alternating with carboxylic acids {linked by ester 
group}. 
How can you detect depsipeptides in normal peptides? 
Using pepsin enzyme: Depsipeptides will not be completely digested by pepsin while normal 
peptides will be 
IR: 

Carbonyl group of amides can be identified in the range near 1650 cm". 

Carbonyl group of esters can be identified in the range near 1730 cm 
13CNMR: 
Can't differentiate between Carbonyl group in esters of depsipeptides and amide 
groups in all polypeptides {range from 165 - 175 ppm for both} 
Why after extraction with organic solvents e.g. CH2CI2/CH3OH and upon using 
Vacuum Liquid Chromatography for fractionations of marine organisms extracts. 
polypeptides will be eluted mainly in the 80 % Ethyl acetate/hexane fraction and in the 
100% ethyl acetate fraction? 
Polypeptides are mildly polar and will be dissolved in mildly polar solvents. 
PDA {Photodiode array detector = DAD Diode Array Detector } is more preferable than UV 
detector during isolation and purification of peptides with HPLC? 
- DAD {PDA} detects nearly all the compounds in the range between 200-800 nm 
- UV detector {Single wavelength} can detect peaks at one wavelength only e.g. 
280nm UV detector with Variable wavelength detect peaks only at multiple 
wavelengths 3 - 4 wavelengths e.g. 250, 280, 320nm 
- DAD {PDA} gives us an idea about peak purity of the compounds containing conjugated 
systems while UV detector can't. 
it is important for Marine drugs discovery scientist to know culturing Of marine micro- 
organisms? 
To isolate the bioactive compound or even the gene cluster from the true producer, as the 
true source of most of the isolated Marine Natural Products compounds is the symbiotic 
microorganisms rather than the host. 
Only ©.1% of the marine microorganisms will grow upon Carrying out microbial culturing of 
the sea water micro-organisms? 


Due to differences in the conditions between sea water and nutrient media. 





HIPS {Hish Throuput Screening Technique} is more preferable to be used for 


growing microorganisms? 


As it gives high numbers of results in short time. 


A Marine drug discovery scientist isolated pharmacolosically active Polypeptides. How 
can he identify the nature of them? 

Nin-hydrin: They give blue to purple colour with Nin-hydrin 

HNMR: 


-NH of the amide group appears at 6.40 - 6.95 ppm one proton in integration 
-N-CH3 of the amide group appears at 2.85 - 3.00 ppm three protons 


۲۱۸4 {Electro Spray Ionization Mass Spectroscopy}; and FABMS {Fast Atom 
Combardment Mass Spectroscopy} are more preferable MS techniques in determination 
of the molecular weisht and the sequence of amino acids of the bioactive peptides? 

As they are soft techniques giving gradual fragmentation of the peptides. So we can know the 
molecular weight and predict the amino acid constituents and their sequence in the polypeptide 
easily. EIMS {Electrolmpact Mass Spectroscopy} is a tough technique giving sudden and 
complete fragmentation of the cyclic peptides {e.g. complete damage of amino acids}. So we can’t 


predict the amino acids and their sequence. 


How can you detect the presence of aromatic amino acids in marine peptides? 
UV spectroscopy: Aromatic amino acids absorb electromagnetic waves in UV range as 


they have conjugated double bonds Amax more than 260 nm. 

IR spectroscopy: C-H aromatic at 3000 - 3200 cm’! 

1HNMR: Aromatic protons with chemical shift range 6.8 - 8.2 ppm 
1ISCNMR: Aromatic carbons with chemical shift range at 110 - 150 ppm 


Contribution of the D-amince acids in polypeptides make polypeptides toxic to man? 


D-amino acids will not be metabolized in human body and accumulate causing toxicity. 


How can you determine stereochemistry of amino acids in polypeptides? 
By hydrolysis of about 20 ugm of the Polypeptides with ON HCl in a vial then reaction 


with {Marfey’s reagent = 5-Fluoro, 2,4 dinitro-phenyalanine amide}. Hydrolysis Product analyzed 
using chiral stationary phase HPLC using both standard L-amino acids and D-amino acids 
reacted with Marfey’s reagent as references. Then compare retention data of sample amino acids 


and standard amino acids. 





Marine Pharmaceuticals possess a wide range of bicactivities? 


including anticancer activity, anti-inflammatory activity, antiviral activity and cardio-protective 


activity. Approved Marine Drugs 


Cytarabine - Cytosar-U® - Ara C 
Nature: Nucleoside {Arabinosyl cytosine} 
Source: Caribbean marine sponge Cryptotethya crypta 
Mechanism: Anti-metabolite inhibits DNA polymerase 


Medical uses: Acute myelocytic leukemia 
Vidarabine - Ara ATP 


Nature: Nucleoside {Arabinosyl adenine} 
Source: Streptomyces antibioticus 
Mechanism: Anti-metabolite inhibits DNA polymerase 
Medical uses: Herpes simplex virus and Varicella zoster {Chickenpox virus}. 
Brentuximab ۷/۱ 3 
Nature: Polypeptide monoclonal antibody conjugate 
Source: Synthetic monoclonal antibody conjugate inspired from dolastatin 10 
Mechanism: Microtubules stabilizer {anti-mitotic} 
Medical uses: Lymphoma. 
Belantamab Blenrep® 
Nature: Polypeptide monoclonal antibody conjugate 
Source: Synthetic conjugate inspired from dolastatin 10 
Mechanism: Microtubules stabilizer {anti-mitotic} 


Medical uses: Relapsed/refractory multiple myeloma 


ADlidin {BPlitidepsin't®} 


Nature: Cyclic depsipeptide 
Source: Tunicate Aplidium albicans {Now it is totally synthetic} 
Mechanism: Acts as Protein kinase C Inhibitor = apoptosis. 
Medical uses: Pancreatic cancer 

Tetrodotoxin - HalIneuron® 
Name: Halneuron® 
Nature: Cyclic polyether nitrogenous compound {Alkaloid} 
Source: Puffer fish 
Mechanism: Acts as a Sodium Channel Blocker compound. 


Medical uses: Strong Pain killer drug {Halneuron™} 3000 more active than morphine. 
7 





Ziconotide {Prialit!} 


Nature: Cyclic polypeptide 25 amino acids inspired from -conotoxin 


Source: Cone snail {Conus magus}. 


Mechanism: Acts as a Ca” Channel blocker in the neurons of the spinal cord. 
Medical uses: 1000 more active than morphine as pain killer. must be injected Intrathecal 
{Directly in the spinal cord} to prevent any loss of the compound in other body organs and to 


prevent its hydrolysis. 
Eribulin {Halaven'®} 
Nature: Macrocyclic polyether {Polyketide} 
Source: Synthetic compound inspired from Halichondrin B from Halichondra sponge. 
Mechanism: Microtubule destabilization {Stop mitosis}. 


Medical uses: Breast cancer. 
What is meant by structural trimming? 
Removal of certain part of the bioactive compound during chemical synthesis to decrease 
side effects, increase selectivity, decrease toxicity or increase bioavailability e.g. Structural 
trimming of Halichondrin B was carried out to obtain Eribulin. 

Trabectidin (Yondlis!®} 
Nature: Tetra-hydroisoquinoline alkaloid 
Source: Isolated from a tunicate Ecteinascidia turbinata. {Now Semisynthetic from Safracin B} 
Mechanism: DNA alkylating agent. 


Medical uses: Colo-rectal cancer. 


Lurbinectedin - Zepzelca® 

Name: lurbinectedin - Zepzelca® 
Nature: Tetra-hydroisoquinoline alkaloid 
Source: Semisynthetic compound inspire from Trabectidin 
Mechanism of action: DNA alkylating agent. 
Medical uses: Metastatic small cell lung cancer (SCLC). 

Omega-3 fatty acids esters {PUFAs - DHA and EPA} 
Nature: Fatty acids esters {Lipids} 
Source: Cod fish liver 
Mechanism: Share in biosynthesis of the useful ecosonoids - anti-oxidant 
Medical uses: Anti-oxidant, anti-inflammatory and cardiovascular protective 
Omega-6 fatty acids share in biosynthesis of the harmful ecosonoids e.g. leukotrienes 
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Dseudopterosin A 


Nature: Diterpene phenol 

Source: Soft coral Pseudoterogorgia elisabethae 
Mechanism: Acts by inhibition of COX I and II 
Medical uses: Anti-inflammatory for skin care e.g. 


trauma 


